Autonomous non-long terminal repeat (non-LTR) retrotransposons and their repetitive remnants are ubiquitous components of mammalian genomes. Recently, we identified non-LTR retrotransposon families, Ingi-1_AAl and Ingi-1_EE, in two hedgehog genomes. Here we rename them to Vingi-1_AAl and Vingi-1_EE and report a new clade ''Vingi,'' which is a sister clade of Ingi that lacks the ribonuclease H domain. In the European hedgehog genome, there are 11 nonautonomous families of elements derived from Vingi-1_EE by internal deletions. No retrotransposons related to Vingi elements were found in any of the remaining 33 mammalian genomes nearly completely sequenced to date, but we identified several new families of Vingi and Ingi retrotransposons outside mammals. Our data suggest the horizontal transfer of Vingi elements to hedgehog, although the vertical transfer cannot be ruled out. The compact structure and trans-mobilization of nonautonomous derivatives of Vingi can make them useful for in vivo retrotransposition assay system.
Abundant proliferation of long interspersed elements 1 (LINE1), also known as L1 elements, is an outstanding feature of eutherian and marsupial genomes (Lander et al. 2001; Waterston et al. 2002; Lindblad-Toh et al. 2005; Gentles et al. 2007 ). Their ongoing activity in the human genome was a subject of detailed studies (Moran et al. 1996; Sassaman et al. 1997; Brouha et al. 2003) . Other types of non-LTR retrotransposons also left their footprints in mammalian genomes. Non-LTR retrotransposons have been divided into over 28 clades (Malik et al. 1999; ), and at least 6 clades (L1, L2, CR1, RTE, RTEX, and R4) are present as fossils in the human and other mammalian genomes (Lander et al. 2001; Kapitonov and Jurka 2003; Jurka et al. 2005; Gentles et al. 2007; Jurka et al. 2007) .
Recently, we identified a new kind of mammalian non-LTR retrotransposons present in two species of hedgehogs (Jurka and Kojima 2010; Kapitonov and Jurka 2010) . They are related to the Ingi clade, first identified in trypanosomes (Kimmel et al. 1987 ) and afterward in metazoans ).
We began with analysis of Ingi-1_EE from the European hedgehog Erinaceus europaeus (Jurka and Kojima 2010) and Ingi-1_AAl from the middle African hedgehog Atelerix albiventris (Kapitonov and Jurka 2010) . We can exclude the possibility of contamination (supplementary material S1 and table S1, Supplementary Material online). Their consensus nucleotide sequences are ;97% identical to each other. They encode a single 993-aa protein that does not contain any ribonuclease H (RNH) domain, unlike Ingi elements from trypanosome and sea slug ( fig. 1A ). Ingi elements from Branchiostoma floridae and from Strongylocentrotus purpuratus also lack the RNH domain. Based on phylogenetic studies, we have shown that these non-LTR retrotransposons belong to a separate new clade, called Vingi ( fig. 1 Approximately 240 copies of Vingi-1_EE (formerly Ingi-1_EE), in the available sequence data are of full length, and all are .90% identical to their consensus sequence. However, in the available genomic sequences, only one Vingi-1_EE copy (scaffold_379327: 57840-54759) encodes a full-length protein uninterrupted by stop codons (supplementary material S2, Supplementary Material online). This copy is ;98% identical to the consensus sequence at the DNA level and codes for the 993-aa protein 96% identical to the protein encoded by the consensus sequence.
The autonomous Vingi-1_EE family is associated with 11 nonautonomous families derived from Vingi-1_EE via different internal deletions and amplified to the relatively high copy numbers (table 1, supplementary figure S1 and material S2, Supplementary Material online). The total copy number of all autonomous and nonautonomous Vingi in E. europaeus is estimated at ;50,000 and they occupy 0.8% of the available genomic sequences. We did not find any nonautonomous Vingi elements in A. albiventris.
We found no Ingi or Vingi elements in any sequenced mammalian genomes other than hedgehogs. Outside of mammals, Ingi and Vingi elements were found in vertebrate, annelid, mollusk, nematode, and insect species (supplementary table S2, Supplementary Material online).
Based on the reverse transcriptase (RT) phylogeny, Ingi and Vingi elements were clustered together inside the I group, with a high statistical support ( fig. 1 and fig. 1B, thick lines) . Anolis carolinensis was the closest vertebrate related to hedgehogs, but Vingi-1_Acar and Vingi-2_Acar were not closely related to the Vingi elements from hedgehogs (Vingi-1_EE and Vingi-1_AAl). The sister lineage of the hedgehog Vingi elements (Vingi-1_PMa, Vingi-1_Lme, Vingi-1_Lch, Vingi-1_Tcas, and Vingi-1_BM) showed a phylogenetic relationship similar to that of their host species. This relationship is consistent with vertical transmission of Vingi elements in several bilaterian lineages for several hundred million years. In contrast, the hedgehog Vingi lineage does not include any retrotransposons from other species.
The new clade of non-LTR retrotransposons called ''Vingi'' includes two clusters: Vingi-A and Vingi-B ( fig. 1) . No Vingi elements encode RNH. The phylogeny of Vingi-1_PMa, Vingi-1_Lme, Vingi-1_Lch, Vingi-1_Tcas, and Vingi-1_BM indicates that the origin of Vingi can be traced back to the last common ancestor of all bilaterians. Although the clustering of Vingi-A and Vingi-B is not well supported statistically in the maximum likelihood phylogeny, these two clusters are generally positioned together independently of different methods of multiple alignment and evolutionary models. The Vingi clade possibly represents an internal branch inside of the Ingi clade, and Vingi-A and Vingi-B are likely to become separate clades after more elements are characterized.
Aside from the two hedgehog species, no Vingi or other elements from the I group could be identified in any of the remaining 33 mammalian genomes sequenced to date. Many fragments of non-LTR retrotransposons that likely predate the eutherian radiation (e.g., for L2 and L3) are still present in the human genome (Lander et al. 2001; Kapitonov and Jurka 2003) . To date, all non-LTR retrotransposons presumed to be horizontally transferred into mammals are members of the RTE clade represented by Bov-B (Kordis and Gubensek 1998; Zupunski et al. 2001; Gentles et al. 2007; Gogolevsky et al. 2008) . The compact and simple structure of Vingi is comparable to that of RTE elements. Although there is still a possibility that Vingi elements may exists in other mammals not yet sequenced, we consider horizontal transfer as the most likely scenario of evolution of the hedgehog Vingi non-LTR retrotransposons.
Our knowledge of the retrotransposition of non-LTR retrotransposons is largely based on the study of mammalian L1 (Moran et al. 1996; Sassaman et al. 1997; Babushok and Kazazian 2007) . However, L1 has some characteristics distinct from other non-LTR retrotransposons. For example, it shows weak sequence dependency to its own 3# tail, which causes processed pseudogene formation and retrotransposition of the 3# flanking sequences (Moran et al. 1999; Esnault et al. 2000) . To understand the general features of the non-LTR retrotransposon mobilization, we need another non-LTR retrotransposon family that works in the same experimental system. The existence of Vingi-1N1_EE
indicates that only the 5# 80-bp and 3# 25-bp termini are sufficient to be mobilized in trans by the Vingi-1_EE protein. This may be useful for inserting reporter genes in future experimental studies of Vingi.
Materials and Methods
Genomic sequences of various species were obtained mostly from NCBI GenBank, and prototypic sequences of known non-LTR retrotransposons were obtained from Repbase (http://www.girinst.org/repbase). Unpublished genomic sequences of European hedgehog and of other mammals used in this study were deposited in Genbank by Broad Institute (see Acknowledgments).
New Ingi and Vingi non-LTR retrotransposons were identified by repeated Blast (Altschul et al. 1997 ) and CENSOR (Kohany et al. 2006 ) searches using genomic sequences of various species with Ingi and Vingi elements as queries. The consensus sequences were derived using the majority rule applied to the corresponding set of multiple aligned copies of retrotransposons. We considered a particular copy of Vingi-1_EE and non-autonomous derivatives to be of full length when it started within the first 10 nucleotides relative to the consensus sequence and ended inside of the terminal AAG repeats.
We aligned the RT domain sequences of non-LTR retrotransposons with the aid of either MAFFT (Katoh et al. 2005) or MUSCLE (Edgar 2004) . We constructed maximum likelihood trees by PhyML (Guindon and Gascuel 2003; Guindon et al. 2005) with bootstrap values (100 replicates) or approximate likelihood ratio test nonparametric branch support based on a Shimodaira-Hasegawa-like procedure (Anisimova and Gascuel 2006) in three different amino acid substitution models: RtREV, LG, and WAG. The phylogenetic trees were drawn with the aid of FigTree 1.3.1 (http://tree.bio.ed.ac.uk/software/figtree/).
Supplementary Materials
Supplementary figures S1-S3, tables S1 and S2, and materials S1 and S2 are available at Molecular Biology and Evolution online (http://www.mbe.oxfordjournals.org/).
